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A plurality of records are collectively manipulat-

ed with a simple structure, in a technology for manipu-
lating a database without having to formulate SQL state-
ments. A database access unit (120) of a programmable
logic controller (100) generates an SQL statement for
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Description
FIELD
[0001] The presentinvention relates to a programma-

ble logic controller, a data collection apparatus, database
access methods ofthe programmable logic controller and
the data collection apparatus, and database access pro-
grams for the programmable logic controller and the data
collection apparatus.

BACKGROUND

[0002] The inventors have developed a technology
that enables programming, including manipulation of a
database, without having to formulate SQL statements
for database manipulation (W0O/2013/191275 (publica-
tion date: 27.12.2013)).

[0003] With the technology described in
WO/2013/191275, a programmable logic controller ca-
pable of accessing a database stores structure definition
information and a user program including the data of a
structure. A sequence instruction program sequentially
executes instructions of the user program, and calls a
DB access program in order to access the database. The
DB access program reads out the structure definition in-
formation, and generates an SQL statement to be used
when the database is accessed through execution of the
user program, based on the read structure definition in-
formation. The DB access program executes the gener-
ated SQL statement.

[0004] WO/2013/191275is an example of background
art.

SUMMARY

[0005] With the technology  described in

WO0/2013/191275, the data of records is set in a structure
and written to the database one record at a time. For
example, when structure data "RESULT" with a model
name "RECORD" and having a member "ID", a member
"PTIME", a member "DATA1" and a member "DATA2"
is defined, as shown in Fig. 6A, one record can be insert-
ed into a "results storage table" shown in Fig. 6B, by
setting a value for each member of the structure data
"RESULT".

[0006] However, when predetermined results data is
collected and written to a database in a factory or the
like, for example, it can be the case that the collection
cycle of the results data is shorter than the time required
to write the data to the database. In this case, because
writing to the database falls behind, it could happen that
desired results data cannot be written to the database.
[0007] In order to address such a problem, a method
is conceivable in which the data of a plurality of records
is processed so as to be collectively adapted to one
record, and the processed data is set in a structure and
written to the database, and subsequently, on the data-
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base side, this one collective record is separated into the
original plurality of records (reference technology).
[0008] Forexample, when a structure "RESULT2" with
a model name "RECORD2" and having a member
"D1_ID", a member "D1_PTIME", a member
"D1_DATA1" and a member "D1_DATAZ2" that corre-
spond to afirst record and a member "D2_ID", a member
"D2_PTIME", a member "D2_DATA1" and a member
"D2_DATAZ2" that correspond to a second record is de-
fined, as shown in Fig. 7A, the data of two records can
be inserted as one record into a "temporary results stor-
age table" shown in Fig. 7B, by setting a value for each
member of the structure "RESULT2". A "results storage
table" shown in Fig. 7C can then be created, by separat-
ing the data stored in one record in the "temporary results
storage table" into two records using a user program on
the database side.

[0009] Desired results data thus can also be success-
fully written to a database in the above-mentioned case,
by collectively manipulating a plurality of records.
[0010] With this method, a user program does, how-
ever, need to be devised on the database side, compli-
cating the processing. Also, itis extremely difficult to con-
struct a system in consideration of both the programma-
ble logic controller side and the database side.

[0011] The present invention was made in view of the
above problems, and has a main object to collectively
manipulate a plurality of records with a simple structure,
in a technology for manipulating a database without hav-
ing to formulate SQL statements.

[0012] In order to solve the above problems, a pro-
grammable logic controller according to the present in-
vention is a programmable logic controller configured to
access a database, the controller including a generation
unit configured to generate structure data defining a sin-
gle record, and to generate a data group including a plu-
rality of the generated structure data, a storage unit con-
figured to store definition data representing a definition
of the structure data, and a database access unit config-
ured to generate an SQL statement for manipulating a
plurality of records, with reference to the plurality of struc-
ture data included in the data group generated by the
generation unit and the definition data stored in the stor-
age unit, and to execute the SQL statement. Here, "ma-
nipulate" can refer to adding, inserting, deleting or chang-
ing database records, but is not limited thereto.

[0013] According tothe above configuration, a plurality
of structure data that each specify a single record are
included in the data group that is generated by the gen-
eration unit. Therefore, the database access unit is able
to recognize the plurality of records, by referring to the
data group. Also, the database access unitis able to rec-
ognize definitions of the records by referring to the defi-
nition data of the structure data. The database access
unit is thereby able to generate an SQL statement for
manipulating a plurality of records corresponding to each
of a plurality of structure data that are included in a data
group, and to manipulate the plurality of records by ex-
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ecuting the SQL statement. According to the above con-
figuration, a plurality of records can thus be collectively
manipulated with a simple structure, in a technology for
manipulating a database without having to formulate SQL
statements.

[0014] In the programmable logic controller according
to the presentinvention, the data group may include array
data in which the plurality of structure data are arrayed
and number data indicating a number of the plurality of
structure data.

[0015] According to the above configuration, the data-
base access unitis able to recognize the number of struc-
ture data that are included in a data group. Also, the plu-
rality of structure data are stored in array data, thus en-
abling the generation unit to readily include the plurality
of structure data in a data group, and the database ac-
cess unit to readily read out individual structure data. The
database access unitis thereby readily able to create the
SQL statement.

[0016] In the programmable logic controller according
to the present invention, the generation unit, the gener-
ation unit may be configured to generate the structure
data in a shorter interval than a time that the database
access unit takes to execute the SQL statement.
[0017] According to the above configuration, the gen-
eration unit generates structure data in a shorter interval
than the time that the database access unit takes to ex-
ecute an SQL statement, and thus manipulation of the
database could possibly fall behind if the data of records
is setin a structure and the database is manipulated one
record at a time, such as with the conventional technol-
ogy. However, according to the present invention, a plu-
rality of records can be collectively manipulated, thus en-
abling manipulation of the database corresponding to the
generated structure data to be performed successfully,
even when the generation unit generates structure data
in a shorter interval than the time that the database ac-
cess unit takes to execute the SQL statement.

[0018] In the programmable logic controller according
to the present invention, the SQL statement may request
insertion or updating of the plurality of records.

[0019] According to the above configuration, the inser-
tion or updating of a plurality of records can be collectively
performed.

[0020] A data collection apparatus according to the
present invention is a data collection apparatus config-
ured to be connected to a programmable logic controller
and to access a database, the apparatus including an
acquisition unit configured to acquire data from the pro-
grammable logic controller, a generation unit configured
to generate structure data defining a single record from
the data acquired by the acquisition unit, and to generate
a data group including a plurality of the generated struc-
ture data, a storage unit configured to store definition
data representing a definition of the structure data, and
a database access unit configured to generate an SQL
statement for manipulating a plurality of records, with ref-
erence to the plurality of structure data included in the
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data group generated by the generation unit and the def-
inition data stored in the storage unit, and to execute the
SQL statement.

[0021] According to the above configuration, the data
collection apparatus acquires data from a programmable
logic controller, generates structure data from the ac-
quired data, generates a data group including a plurality
of generated structure data, generates an SQL statement
for manipulating a plurality of records, with reference to
the data group and definition data, and executes the SQL
statement, thus achieving effects equivalent to the pro-
grammable logic controller according to the present in-
vention.

[0022] A database access method according to the
present invention is a database access method of a pro-
grammable logic controller configured to access a data-
base, the method including a generation step of the pro-
grammable logic controller generating structure data de-
fining a single record, and generating a data group in-
cluding a plurality of the generated structure data, and a
database access step of the programmable logic control-
ler generating an SQL statement for manipulating a plu-
rality of records, with reference to the plurality of structure
data included in the data group generated in the gener-
ation step and definition data that represents a definition
of the structure data, and executing the SQL statement.
[0023] Also, a database access program according to
the present invention is a database access program for
causing a programmable logic controller configured to
access a database to execute a generation step of gen-
erating structure data defining a single record, and gen-
erating a data group including a plurality of the generated
structure data, and a database access step of generating
an SQL statement for manipulating a plurality of records,
with reference to the plurality of structure data included
in the data group generated in the generation step and
definition data that represents a definition of the structure
data, and executing the SQL statement.

[0024] According to the above configurations, effects
equivalent to the programmable logic controller accord-
ing to the present invention are achieved.

[0025] A database access method according to the
presentinvention is a database access method of a data
collection apparatus configured to be connected to a pro-
grammable logic controller and to access a database,
the method including an acquisition step of the data col-
lection apparatus acquiring data from the programmable
logic controller, a generation step of the data collection
apparatus generating structure data defining a single
record from the data acquired in the acquisition step, and
generating a data group including a plurality of the gen-
erated structure data, and a database access step of the
data collection apparatus generating an SQL statement
for manipulating a plurality of records, with reference to
the plurality of structure data included in the data group
generated in the generation step and definition data that
represents a definition of the structure data, and execut-
ing the SQL statement.



5 EP 3 076 309 A1 6

[0026] Also, a database access program according to
the present invention is a database access program for
causing a computer connected to a programmable logic
controller and configured to access a database to exe-
cute an acquisition step of acquiring data from the pro-
grammable logic controller, a generation step of gener-
ating structure data defining a single record from the data
acquired in the acquisition step, and generating a data
group including a plurality of the generated structure da-
ta, and a database access step of generating an SQL
statement for manipulating a plurality of records, with ref-
erence to the plurality of structure data included in the
data group generated in the generation step and defini-
tion data that represents a definition of the structure data,
and executing the SQL statement.

[0027] According to the above configurations, effects
equivalent to the data collection apparatus according to
the present invention are achieved.

[0028] According to the present invention, a plurality
of records can be collectively manipulated with a simple
structure, in a technology for manipulating a database
without having to formulate SQL statements.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Fig. 1 is a block diagram showing a schematic con-
figuration of a programmable logic controller accord-
ing to Embodiment 1 of the present invention.

Figs. 2A and 2B are diagrams illustrating Embodi-
ment 1 of the presentinvention, with Fig. 2A showing
exemplary definitions of structure data and a data
group, and Fig. 2B showing an exemplary table that
is manipulated using the data group.

Fig. 3 is a flowchart illustrating a database access
method according to Embodiment 1 of the present
invention.

Fig. 4 is a block diagram showing a schematic con-
figuration of a data collection apparatus according
to Embodiment 2 of the present invention.

Fig. 5 is a flowchart illustrating a database access
method according to Embodiment 2 of the present
invention.

Figs. 6A and 6B are diagrams illustrating a conven-
tional technology, with Fig. 6A showing an exemplary
definition of structure data, and Fig. 6B showing an
exemplary table that is manipulated using the struc-
ture data.

Figs. 7A to 7C are diagrams illustrating a reference
technology, with Fig. 7A showing an exemplary def-
inition of structure data, and Figs. 7B and 7C showing
exemplary tables that are manipulated using the
structure data.
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DETAILED DESCRIPTION
Embodiment 1

[0030] The presentinvention,in one embodiment (Em-
bodiment 1), provides a programmable logic controller
capable of accessing a database. Fig. 1 is a block dia-
gram showing a schematic configuration of a program-
mable logic controller 100 according to Embodiment 1.
As shown in Fig. 1, the programmable logic controller
100 is connected to a database 200. The database 200,
in the present embodiment, is constructed in a DB server
provided with a DBMS (database management system),
but is not limited thereto.

[0031] Note that, in the present embodiment, the pro-
grammable logic controller 100 is connected via a net-
work to the DB server storing the database 200. The
present invention is, however, not limited thereto, and
the programmable logic controller 100 and the DB server
storing the database 200 may be connected via a cable
directly or via wireless communication. Also, as a modi-
fication, the database 200 may be stored in the program-
mable logic controller 100.

[0032] The programmable logic controller 100 is a
computer system, and is configured to repeatedly exe-
cute a user program. In particular, the programmable log-
ic controller 100 is able to execute a user program peri-
odically in accordance with a preset time (cycle time).
The programmable logic controller 100 reads and writes
information with respect to a memory area in the pro-
grammable logic controller 100, and executes instruc-
tions shown in the user program in order. The program-
mable logic controller 100 is provided with an input/output
function, and accepts and stores data such as sensor
output from outside the programmable logic controller
100. The programmable logic controller 100 transmits
stored data to the DB server.

[0033] AsshowninFig. 1, the programmable logic con-
troller 100 is provided with an execution unit (generation
unit) 110, a database access unit 120, and a storage unit
130. The execution unit 110 executes an OS, system
programs, and user programs. Parts of the OS and the
system programs that relate to database access are,
however, executed by the database access unit 120.
[0034] The OS is an operating system that manages
the resources of the programmable logic controller 100,
and performs task scheduling. The system programs op-
erate on the OS and exhibit functions such as control of
ladder programs. The system programs include a se-
quence instruction program, an input/output program,
and a scheduler, for example. The sequence instruction
program executes the instructions of a user program in
order, while reading and writing information with respect
to a memory area in the programmable logic controller
100. The input/output program controls data input to the
programmable logic controller 100 and data output from
the programmable logic controller 100 using a plurality
ofinput/output functions that are provided in the program-
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mable logic controller 100. Each input/output function is
assigned an address in memory. Data that is held in the
memory corresponding to each input/output function is
collectively exchanged with data outside the program-
mable logic controller 100, in accordance with the cycle
time. The scheduler performs task scheduling, based on
the priorities of tasks to be executed by the programma-
ble logic controller 100.

[0035] The execution unit 110, by executing the user
program, generates structure data defining a single
record to be registered in the database 200 based on
data acquired from an external sensor or the like, and
generates a data group including a plurality of generated
structure data. The execution unit 110 then designates
the generated data group and calls the database access
unit 120, in order to access the database 200. This can,
for example, be executed by a predetermined function
or method being called in a control program. The data-
base access unit 120, when called, executes an SQL
statement, with reference to the data group including a
plurality of structure data, by executing a system program
relating to database access, and realizes access to the
database 200.

[0036] Also, as one modification, the database access
unit 120 may be automatically called when the execution
unit 110 generates a data group.

[0037] Fig. 2A is a diagram showing exemplary defini-
tions of structure data and a data group. In the example
shown in Fig. 2A, structure data defining a single record
is structure data with a model name "RECORD" and hav-
ing a member "ID", a member "PTIME", a member
"DATA1" and a member "DATA2", and a data group in-
cluding a plurality of structure data is a data group "RE-
SULTS" with a model name "RECORDLIST" and com-
posed of an array "RECORDS" of the structure data with
the model name "RECORD" and a number "RECORD-
NUM" indicating the number of structure data stored in
the array "RECORDS".

[0038] Note that in this specification, "structure data"
means a collection of data that has been given meaning.
[0039] Fig. 2B is a diagram showing an exemplary ta-
ble thatis manipulated using the data group "RESULTS".
The "results storage table" shown in Fig. 2B has a field
"ID", afield"PTIME", afield "DATA1" and afield "DATA2",
and each of these fields corresponds to a different mem-
ber of the structure data. Therefore, a single record is
defined by structure data.

[0040] Although the method by which the execution
unit 110 generates structure data and data groups is not
particularly limited, as one embodiment, the execution
unit 110 may generate structure data periodically or ape-
riodically, and may generate the data group "RESULTS"
by sequentially storing the generated structure data in
the array "RECORDS". Alternatively, the execution unit
110 may generate the data group "RESULTS" by accu-
mulating generated structure data in a temporary mem-
ory, and collectively storing the accumulated data in the
array "RECORDS" when a predetermined number of
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structure data has accumulated.

[0041] Notethatalthough, inthe example shownin Fig.
2A, the data group includes array data in which a plurality
of structure data are arrayed and number data indicating
the number of structure data, the present invention is not
limited thereto, and the data group need only include a
plurality of structure data. As a result, however, of the
data group taking such a structure, a plurality of gener-
ated structure data can bereadilyincluded in adata group
because of the database access unit 120 being able to
suitably create an SQL statement and the execution unit
110 needing only to store the generated structure data
in an array, as will be discussed later.

[0042] Also, the array data may be a fixed-length array
such as the example shown in Fig. 2A or a variable length
array.

[0043] Inthe presentembodiment, the control program

that generates structure data and data groups is a user
program that a user is able to input according to a desired
purpose.

[0044] The useris, for example, able to set a user pro-
gram in the programmable logic controller 100 by creat-
ing a user program using a programming tool on a per-
sonal computer that is connectable to the programmable
logic controller 100 and inputting the created user pro-
gram to the programmable logic controller 100.

[0045] Here, the programming tool creates the user
program and generates definition data representing the
definition of structure datato be used in the user program.
The programming tool then inputs the definition data into
the programmabile logic controller 100 together with the
user program. The user program and the definition data
that are input to the programmable logic controller 100
are stored in the storage unit 130.

[0046] The format of the definition data is not particu-
larly limited, and can be data such as shown in Fig. 2A,
for example, that is, data defining the variable name of
the structure data (inthe example in Fig. 2A, "RESULTS")
and each member name (in the example in Fig. 2A, "ID",
"PTIME", "DATA1", and "DATAZ2"). Also, the definition
data may further include mapping data defining the cor-
respondence relation between the variable names of
structure data and table names in the database 200 and
the correspondence relation between member names of
the structure data and field names of the tables in the
database 200. In the following description, it is assumed
that mapping data indicating that the variable name "RE-
SULTS" of structure data corresponds to the table name
"results storage table" is included.

[0047] Note that, as one modification, the control pro-
gram that generates structure data and data groups may
be a system program. In that case, definition data repre-
senting the definition of structure data to be used in the
system program can be prestored in the storage unit 130.
[0048] As described above, the structure data includes
members corresponding to respective fields of records
in the database 200. The user program generates struc-
ture data corresponding to a record to be registered in
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the database 200. The definition data defines what field
of the record the value of each member that is included
in the structure data corresponds to. The database ac-
cess unit 120 acquires the value of each field of the record
to be registered in the database 200, with reference to
the structure data and the definition data. The database
access unit 120 is thereby able to register a desired
record in the database 200.

Database Access Unit

[0049] The database access unit 120 accesses the da-
tabase, when a designated data group is called by the
execution unit 110, or when a data group is generated
by the execution unit 110.

[0050] The database access unit 120 first generates
an SQL statement for manipulating a plurality of records,
with reference to the plurality of structure data that are
included in the data group generated by the execution
unit 110 and the definition data stored in storage unit 130.
The generation of an SQL statement will be discussed
in detail later with examples.

[0051] The database access unit 120 determines the
type of SQL statement (e.g., INSERT request for insert-
ing arecord, UPDATE request for updating arecord, etc.)
to be generated, depending on the called mode (e.g.,
depending on what function or method has been called
by the user program).

[0052] The database access unit 120 then creates a
template for an SQL statement of the determined type
with reference to the definition data. For example, in the
case of an SQL statement for an INSERT request, a tem-
plate for the SQL statement can be created by inserting
the variable name of the structure data extracted from
the definition data into the position of <a> in the text "IN-
SERT INTO <o> (<p>) VALUE (<y>)", and enumerating
the member names of the structure data that are extract-
ed from the definition data at the position of <f>.
[0053] Also, in the case where mapping data defining
the correspondence relation between the variable names
of structure data and table names in the database 200
and the correspondence relation between member
names of the structure data and field names of the tables
in the database 200 is included in the definition data, the
associated table name in the mapping data is inserted in
place of the variable name of the structure data, and the
associated field names in the mapping data are inserted
in place of the member names of the structure data. In
the case of the example shown in Fig. 2A, the template
of an SQL statement such as "INSERT INTO RESULTS
STORAGE TABLE (ID, PTIME, DATA1, DATA2) VALUE
(<y>)", for example, can thereby be generated.

[0054] Note that the database access unit 120 may be
configured to create a template for an SQL statement
whenever called, or to store a created template in the
storage unit 130 when one template is created and reuse
the stored template.

[0055] The database access unit 120 then creates an
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SQL statement by extracting the initial structure data from
the data group, and inserting the value of each member
of extracted structure data into the position of <y> in the
template for the SQL statement. This is performed on all
the structure data that is included in the data group, and
an SQL statement composed of a plurality of lines is cre-
ated.

[0056] Alternatively, in the case where the DBMS of
the database 200 supports special syntax for manipulat-
ing a plurality of records, the template for an SQL state-
ment may be created so as to conform to that syntax and
the value of each member of the plurality of structure
data extracted from the data group may be inserted there-
in.

[0057] Forexample, aperson skilled in the art will read-
ily appreciate that with some DBMSs a plurality of records
can be manipulated using an SQL statement composed
of one line with the syntax "INSERT INTO <a > (<f>)
VALUES (y 1), (y 2), ... (yn)" (where (y 1), (y 2) ... (yn)
correspond to respective structure data), whereas with
other DBMSsitis possible to register a plurality of records
at one time using "BULK INSERT" processing.

[0058] Note that, in the present embodiment, a data
group includes array data in which a plurality of structure
data are arrayed and number data indicating the number
of structure data. Thus, the database access unit 120 is
able to recognize the number of structure data that are
included in the data group, enabling control of the step
of creating an SQL statement from the template for an
SQL statementto be suitably performed repeatedly. Also,
since the plurality of structure data are stored in array
data, the database access unit 120 is readily able to read
individual structure data.

[0059] According to the above, the database access
unit 120 is able to create an SQL statement for manipu-
lating a plurality of records corresponding to each of a
plurality of structure data included in a data group.
[0060] The database access unit 120 accesses the da-
tabase 200 by executing a generated SQL statement (in-
cludes transmitting the SQL statement to the DBMS of
the database 200 and receiving a response correspond-
ing to the transmitted SQL statement), and, as a result,
is able to add or the like a plurality of records to the "results
storage table" shown in Fig. 2B.

[0061] As described above, the database access unit
120 is able to generate an SQL statement from a data
group, and thus according to the programmable logic
controller 100, the database 200 can be manipulated
without having to formulate SQL statements. Also, a plu-
rality of structure data each defining a single record are
included in a data group that is generated by the execu-
tion unit 110. Therefore, the database access unit 120 is
able to recognize the plurality of records by referring to
the data group. Also, the database access unit 120 is
able to recognize the definitions of records by referring
to the definition data of the structure data. The database
access unit 120 is thereby able to generate an SQL state-
ment for manipulating a plurality of records that respec-
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tively correspond to a plurality of structure data included
in a data group, and is able to manipulate the plurality of
records by executing the SQL statement. According to
the programmable logic controller 100, a plurality of
records can thereby be collectively manipulated with a
simple structure, in a technology for manipulating a da-
tabase without having to formulate SQL statements.
[0062] In particular, even in the case where the exe-
cution unit 110 generates structure data in a shorter in-
terval than the time that the database access unit 120
takes to execute an SQL statement, the programmable
logic controller 100 is able to successfully perform
processing as a result of being able to collectively proc-
ess a plurality of structure data.

[0063] That is, in the case where the execution unit
110 generates structure data in a shorter interval than
the time that the database access unit 120 takes in order
to execute an SQL statement, manipulation of a database
could possibly fall behind if the data of records is set in
a structure and the database is manipulated one record
atatime, such as with the conventional technology. How-
ever, according to the programmable logic controller 100,
a plurality of records can be manipulated collectively, and
thus even if the execution unit 110 generates structure
data in a shorter interval than the time that the database
access unit 120 takes to execute an SQL statement, ma-
nipulation of the database 200 corresponding to the gen-
erated structure data can be performed successfully.
[0064] Note thatthe time that the database access unit
120 takes to execute an

[0065] SQL statement refers to the time needed to ac-
cess the database 200 from the database access unit
120. In the present embodiment, the programmable logic
controller 100 and the database 200 are at separate lo-
cations and are connected via a network, and thus it takes
time to access the database 200 from the programmable
logic controller 100. Thus, the execution unit 110 tends
to generate structure data in a shorter interval than the
time that the database access unit 120 takes to execute
an SQL statement. Note that even with a configuration
in which the programmable logic controller 100 is directly
connected to the database 200 or in which the database
200is provided in the programmable logic controller 100,
it typically takes time for the database access unit 120
to execute an SQL statement, as compared with the orig-
inal processing (control processing cycle) of the program-
mable logic controller 100. Thus, a situation can arise
where the execution unit 110 generates structure data in
a shorter interval than the time that the database access
unit 120 takes to execute an SQL statement. Accordingly,
the present invention is effective in any of these config-
urations.

[0066] Although notillustrated, the programmable log-
ic controller 100 may be further provided with an OS ex-
ecution unit for executing an operating system, an inter-
face unit for input/output with respect to an external sen-
sor or the like, a communication interface unit for com-
munication with the database 200, a power supply unit,
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and the like.

[0067] Also, the database access unit 120 may be con-
figured to store a result log of database access, and the
storage unit 130 may be configured to temporarily store
transmission data in the case where database access by
the database access unit 120 is not successful. Also, as
a modification, the storage unit 130 may store the data-
base 200.

Database Access Method

[0068] Fig. 3 is a flowchart illustrating a database ac-
cess method according to the present embodiment. This
database access method is executed by the program-
mable logic controller 100 capable of accessing the da-
tabase 200.

[0069] The programmable logic controller 100 first
generates structure data defining a single record, and
generates a data group including a plurality of generated
structure data (generation step). Specifically, in step S1,
the execution unit 110 generates structure data defining
a single record, and, in step S2, the execution unit 110
generates a data group including a plurality of generated
structure data.

[0070] Next, the programmable logic controller 100
generates an SQL statement for manipulating a plurality
of records, with reference to the plurality of structure data
that are included in the data group generated in the gen-
eration step and definition data representing the defini-
tion of structure data, and executes the SQL statement
(database access step). Specifically, in step S3, the da-
tabase access unit 120 generates an SQL statement for
manipulating a plurality of records, with reference to the
plurality of structure data included in the data group gen-
erated by the execution unit 110 and definition data
stored in the storage unit 130, and, in step S4, the data-
base access unit 120 executes the SQL statement.
[0071] According to the above, a plurality of records
can be collectively manipulated with a simple structure,
in a technology for manipulating a database without hav-
ing to formulate SQL statements. That is, an increase in
efficiency can be achieved due to (1) being able to pass
data as a collected data group when passing data from
the execution unit 110 to the database access unit 120,
rather than the conventional case of passing data one
record at a time, and (2) being able to collectively carry
out database manipulation instructions that are executed
with a plurality of instructions from the database access
unit 120 to the database 200 (DBMS).

Modifications

[0072] Note that, as one modification, the programma-
ble logic controller 100 may be configured such that the
execution unit 110 generates structure data and the da-
tabase access unit 120 implements a method of manip-
ulating a single record as well as generating an SQL
statement, with reference to the structure data and def-



13 EP 3 076 309 A1 14

inition data of the structure data, similarly to the technol-
ogy disclosed in WO/2013/191275. For example, a con-
figuration may be adopted in which the database access
method according to the present embodiment is imple-
mented in the case where the interval in which the exe-
cution unit 110 generates structure data is short, and the
method according to the conventional technology is im-
plemented in the case where the interval in which the
execution unit 110 generates structure data is long.

Embodiment 2

[0073] Also, the present invention, in another embod-
iment (Embodiment 2), provides a data collection appa-
ratus connected to a programmable logic controller and
capable of accessing a database. Fig. 4 is a block dia-
gram showing a schematic configuration of a data col-
lection apparatus 300 according to Embodiment 2. As
shown in Fig. 4, the data collection apparatus 300 is con-
nected to a programmable logic controller 400 and a da-
tabase 200. The database 200 has the same function as
Embodiment 1. The programmable logic controller 400
acquires data from an external sensor or the like, and
outputs the acquired data to the data collection apparatus
300.

[0074] The data collection apparatus 300 is a compu-
ter, such as an IPC (Industrial Personal Computer), for
example, and is provided with a generation unit 310, a
database access unit 320, a storage unit 330, and an
acquisition unit 340.

[0075] The acquisition unit 340 acquires, from the pro-
grammable logic controller 400, data that the program-
mable logic controller 400 has acquired from an external
sensor or the like, and outputs the acquired data to the
generation unit 310. The timing at which the acquisition
unit 340 acquires data from the programmable logic con-
troller 400 is not particularly limited, and acquisition can
be executed periodically or aperiodically. Also, a config-
uration may be adopted in which data is notified to the
acquisition unit 340 from the programmable logic con-
troller 400 side in an event-like manner.

[0076] Thegeneration unit310generates structure da-
ta defining asinglerecord to be registered in the database
200 based on the data acquired by the acquisition unit
340, and generates a data group including a plurality of
generated structure data. The generation unit 310 then
designates the generated data group and calls the data-
base access unit 320, in order to access the database
200.

[0077] The generation unit 310 is able to generate a
data group and to call the database access unit 320 using
similar methods to the execution unit 110 of the program-
mable logic controller 100 in Embodiment 1. That is, the
generation unit 310 may execute a control program and
perform generation of a data group and calling of the
database access unit 320, in accordance with a cycle
time.

[0078] Also, definition data is stored in the storage unit
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330, similarly to the storage unit 130 of the programmable
logic controller 100 in Embodiment 1.

[0079] Also, the database access unit 320 is able to
generate and execute an SQL statement using a similar
method to the database access unit 120 of the program-
mable logic controller 100 in Embodiment 1.

[0080] Fig. 5 is a flowchart illustrating a database ac-
cess method according to the present embodiment. This
database access method is executed by the data collec-
tion apparatus 300 connected to the programmable logic
controller 400 and capable of accessing the database
200.

[0081] The data collection apparatus 300 firstacquires
data from the programmable logic controller 400 (acqui-
sition step). Specifically, in step S11, the acquisition unit
340 acquires, from the programmable logic controller
400, data that the programmable logic controller 400 has
acquired from an external sensor or the like.

[0082] Next, the data collection apparatus 300 gener-
ates structure data defining a single record from the data
acquired in the acquisition step, and generates a data
group including a plurality of generated structure data
(generation step). Specifically, in step S12, the genera-
tion unit 310 generates structure data defining a single
record from the data acquired by the acquisition unit 340
from the programmable logic controller 400, and, in step
S13, the generation unit 310 generates a data group in-
cluding a plurality of generated structure data.

[0083] Next, the data collection apparatus 300 gener-
ates an SQL statement for manipulating a plurality of
records, with reference to the plurality of structure data
included in the data group generated in the generation
step and definition data representing the definition of the
structure data, and executes the SQL statement (data-
base access step). Specifically, in step S14, the database
access unit 320 generates an SQL statement for manip-
ulating a plurality of records, with reference to the plurality
of structure data that are included in the data group gen-
erated by the generation unit 310 and definition data
stored in the storage unit 330, and, in step S15, the da-
tabase access unit 320 executes the SQL statement.
[0084] According to the above, a plurality of records
can be collectively manipulated with a simple structure,
in a technology for manipulating a database without hav-
ing to formulate SQL statements.

Exemplary Realization using Software

[0085] The control blocks of the programmable logic
controller 100 and the data collection apparatus 300 (in
particular, the execution unit 110, the database access
unit 120, the generation unit 310, the database access
unit 320, and the acquisition unit 340) may be realized
by alogic circuit (hardware) formed in an integrated circuit
(IC chip) or the like, or may be realized by software using
a CPU (Central Processing Unit).

[0086] In the latter case, the programmable logic con-
troller 100 and the data collection apparatus 300 are pro-
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vided with a CPU that executes instructions of adatabase
access program which is software that realizes the re-
spective functions, a ROM (Read Only Memory) or stor-
age device (these are referred to as "recording media")
on which the database access program and various data
are recorded in a manner readable by a computer (or
CPU), and a RAM (Random Access Memory) in which
the program is expanded. The object of the present in-
vention is attained as a result of the computer (or CPU)
reading out the database access program from the re-
cording medium and executing the read database access
program. As the recording medium, a "non-transitory tan-
gible medium" such as a tape, a disk, a card, a semicon-
ductor memory or a programmable logic circuit, for ex-
ample, can be used. Also, the database access program
may be supplied to the computer via a suitable transmis-
sion medium (communication network, broadcast wave,
etc.) capable of transmitting the database access pro-
gram. Note that the presentinvention can also be realized
in the form of a data signal embedded in a carrier wave,
whereby the database access program is embodied
through electronic transmission.

[0087] The present invention is not limited to the
abovementioned embodiments, and various modifica-
tions can be made within the scope described in the
claims. Embodiments that are obtained by appropriately
combining the technical means disclosed in the different
embodiments are included in the technical scope of the
present invention.

[0088] The present invention can be used in a pro-
grammable logic controller and a peripheral device there-
of.

LIST OF REFERENCE NUMERALS

[0089]

100 programmable logic controller
110  execution unit (generation unit)
120 database access unit

130 storage unit

200 database

300 data collection apparatus

310  generation unit

320 database access unit

330 storage unit

340 acquisition unit

400 programmable logic controller
Claims

1. A programmable logic controller (100) configured to
access a database, the controller (100) comprising:

a generation unit (110) configured to generate
structure data defining a single record, and to
generate a data group including a plurality of the
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generated structure data;

a storage unit (130) configured to store definition
data representing a definition of the structure
data; and

a database access unit (120) configured to gen-
erate an SQL statement for manipulating a plu-
rality of records, with reference to the plurality
of structure data included in the data group gen-
erated by the generation unit (110) and the def-
inition data stored in the storage unit (130), and
to execute the SQL statement.

2. The programmable logic controller (100) according
to claim 1,
wherein the data group includes array data in which
the plurality of structure data are arrayed and number
data indicating a number of the plurality of structure
data.

3. The programmable logic controller (100) according
to claim 1 or 2,
wherein the generation unit (110) is configured to
generate the structure data in a shorter interval than
a time that the database access unit (120) takes to
execute the SQL statement.

4. The programmable logic controller (100) according
to any one of claims 1 to 3,
wherein the SQL statement requests insertion or up-
dating of the plurality of records.

5. A data collection apparatus (300) configured to be
connected to a programmable logic controller (400)
and to access a database, the apparatus (300) com-
prising:

an acquisition unit configured to acquire data
from the programmable logic controller (400);
a generation unit (310) configured to generate
structure data defining a single record from the
data acquired by the acquisition unit, and to gen-
erate a data group including a plurality of the
generated structure data;

a storage unit (330) configured to store definition
data representing a definition of the structure
data; and

a database access unit (320) configured to gen-
erate an SQL statement for manipulating a plu-
rality of records, with reference to the plurality
of structure data included in the data group gen-
erated by the generation unit (310) and the def-
inition data stored in the storage unit (330), and
to execute the SQL statement.

6. A database access method of a programmable logic
controller (100) configured to access a database, the
method comprising:
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a generation step of the programmable logic
controller (100) generating structure data defin-
ing a single record, and generating a data group
including a plurality of the generated structure
data; and

a database access step of the programmable
logic controller (100) generating an SQL state-
ment for manipulating a plurality of records, with
reference to the plurality of structure data includ-
ed inthe data group generated in the generation
step and definition data that represents a defi-
nition of the structure data, and executing the
SQL statement.

7. A database access program for causing a program-
mable logic controller (100) configured to access a
database to execute:

a generation step of generating structure data
defining a single record, and generating a data
group including a plurality of the generated
structure data; and

a database access step of generating an SQL
statement for manipulating a plurality of records,
with reference to the plurality of structure data
included in the data group generated in the gen-
eration step and definition data that represents
a definition of the structure data, and executing
the SQL statement.

8. A database access method of a data collection ap-
paratus (300) configured to be connected to a pro-
grammable logic controller (400) and to access a
database, the method comprising:

an acquisition step of the data collection appa-
ratus (300) acquiring data from the programma-
ble logic controller (400);

a generation step of the data collection appara-
tus (300) generating structure data defining a
single record from the data acquired in the ac-
quisition step, and generating a data group in-
cluding a plurality of the generated structure da-
ta; and

a database access step of the data collection
apparatus (300) generating an SQL statement
for manipulating a plurality of records, with ref-
erence to the plurality of structure data included
in the data group generated in the generation
step and definition data that represents a defi-
nition of the structure data, and executing the
SQL statement.

9. Adatabase access program for causing a computer
connected to a programmable logic controller (400)

and configured to access a database to execute:

an acquisition step of acquiring data from the

10

15

20

25

30

35

40

45

50

55

10

18

programmable logic controller (400);

a generation step of generating structure data
defining a single record from the data acquired
in the acquisition step, and generating a data
group including a plurality of the generated
structure data; and

a database access step of generating an SQL
statement for manipulating a plurality of records,
with reference to the plurality of structure data
included in the data group generated in the gen-
eration step and definition data that represents
a definition of the structure data, and executing
the SQL statement.
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FIG. 1
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FIG. 2A

TYPE_RECORD

STRUCT
ID :UINT;
PTIME - TIME_OF_DAY
DATAT :UINT;
DATA2 :UINT;
END_STRUCT:
END_TYPE
TYPE_RECORDLIST
STRUCT
~ RECORDNUM USINT;

RECORDS :ARRAY[1..256] OF RECORD;
END_STRUCT

FIG. 2B

{END_TYPE
VAR
RESULTS :REGORDLIST
IEND_VAR
ID PTIME DATA1 DATA2
101 Timel ’ 100 90
102 Time2 103 04
103 Time3 105 92
104 Timed 100 89
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FIG. 4
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FIG. §
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FIG. 6A

FIG. 6B

TYPE_RECORD
STRUCT
1D :UINT;
PTIME :TIME_OF_DAY;
DATA1 ‘UINT;
DATA2 ‘UINT;
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END_TYPE
VAR
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END_VAR
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FIG.7A TYPE_RECORD2
STRUCT
D1_ID "UINT;
D1_PTIME *TIME_OF _DAY:
D1_DATA1 :UINT;
D1_DATA2 :UINT;
D2_ID "UINT;
D2_PTIME :TIME_OF_DAY:
D2_DATAI1 :UINT;
D2_DATA2 ‘UINT;
END_STRUCT;
END_TYPE
VAR
RESULT2 :RECORD2
END_VAR
FIG. 7B
D1_ID D1_PTIME [D1_DATA1 [D1_DATA2 {D2_ID D2_PTIME |D2_DATA1 |D2_DATA2
101 Timel 100 90 102 Time2 103 94
103 Time3 105 92 104 Timed 100 89
FIG. 7C
ID PTIME DATA1 DATA2
101 Timel . 100 90
102 Time2 103 94
103 Time3 105 92
104 Timed 100 89
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